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ABSTRACT 
The Rh i zo b i um t r i fo l i i  poly saccha. r i d es f r om SU843 
and mu t a n t s- - H C 8 4 3 C p B R 1 AN ) , H C 8 4 3 ,  8 0 02-- i n  wh i ch t h e  sym 
p l a smi d i s  r e p l a ced , ab sent , o r  mu t a ted by t r a. n sp o son TnS 
were i sola t ed . The surf&ce polysaccha.ride5 o f  genetically 
a l t e red mu t a n t s  were c o mp a r ed qu a n t i t a t i v e l y  a nd qua. l i t a. -
t i v e l y w i t h  o n e  a n o t h er a n d  w i t h  t h e  p a. r en t  st r a i n .  The 
int e r p r e t a t i o n of t h ese resu l t s  i s  d i scussed i n  r e l a t ion 
t o  t h e  funct i o n  o f  Rh i so b i um su r fa ce po l y sacch a r i d e s  i n  
• 
t h e s y mb i o t i c p r ocess. The symb i o t i c  a b i l i t y  o f  SU 843 and 
mu t a n t  s t ra i ns ls as f 0 11 ows : ( a ) S U 8 43 , 
+ no d , 
mu t a n t  8 0 0 2 ,  
+ r o a  < st i l l  a t t aches t o  ro o t  h a ir ) ,  h a c  
n o d  Cc> m u t a n t  H C 8 4 3 , 
HC843Cp B R 1 AN> , + n o d  , 
+ 
r o a  h a. c  no d C d )  mu t a n t  
I n  a d d i t i o n  t o  E P S  <ex t r a -
( b )  
ce l l u l a r  p o l y sacch a r i d e> ,  C P S  ( ca p su l a r  p o l y sa.cch a. r i d e ) , 
a n d  L P S  C l i p o p o l y s a c ch a r i de) , we found a p o l y sa.ccha. r i d e 
" sl i me" , wh i ch i s  a. v i sco u s  ma t e r i a l  r emo v e d  f r o m t he v i scous 
b a c t e r i a l  p el l e t  by fr esh med i a .  C o mp a r i ng t h ese po l y -
sacch a r i des, we f o u nd t h a t  t h e  n o d + s t r a ins--S U 8 43 a n d  
H C 84 3 < p B R 1 AN>--co n t a. i n  b o t h C P S  a n d  s l ime p o l ysacch a r i d es. 
B u t  t h e  no d st r a. i ns- - H C 8 4 3  a n d  8 00 2 -- a r e  a b sent a t  o n e  o r  
t he o t h er p o l y sacch a r i des < C P S ,  s l ime>. Th i s s u g g e s t s  
t h a t  t h e r e  ex i st s  a sym p l asmi d - i nf l u enced enzyme wh i ch 
c o nt r o l s t he E P S  t o  a d h e r e  t o  and t o  ag g r eg a t e a. r o und t h e  
ce l l  memb r a ne a n d  i s  i m p o r t an t  t o  t h e  symb i o t i c p r o cess. 
i 
429635 
A C KNO�L E D GEMENTS 
I would l i ke to eK p r ess my s i ncere ap p r ec i a t i o n  t o  
Dr . R .  W .  C a r l s o n  fo r h i s  g u i d a n c e  wh i c h  enab l ed t h i s  wo r k  
t o  b e  f i n i shed . 
ii 
T A B L E  O F  CONTENTS 
Abs t r a.ct 
Acknowled geme nt s i i 
Ta. b l e  o f  C o n t e n t s  i i i 
Li s t  o f  F i g u r es iv 
L is t  of Tab l es v 
• 
I . I n t r od u c t ion 1 
I I . E x p er imental 5 
I I I . R e s u l ts 1 2  
I V .  D is c u s s io n  17 
A p p e ndix 23 
L is t  o f  R e fe r ences 49 
vi t a.  5 2  
iii 
L I ST O F  F I GU RE S  
� 
1 . Ani on E x change C e l  E l u t i on P r o f i l e  of E P S  
f r om SU 843 2 9  
2 .  A n i o n  Exchange C e l  E l u t i on P r o f i l e  o f  E P S  
f r om 8 0  0 2  3 0  
3 .  Ani on E xchange Ge l E l u t i o n Pr o f i l e  of CPS 
f r om SUB43 3 1  
4 .  A n i on E x change Ge l E l u t i on P r of ile of C P S  
f r om 80 0 2 3 2  
5 .  S e p h a. r ose G-50 E l u t i on P r of i !es of 
L P S  a. nd Sm PS f r o m HC S t  r a. i ns 3 3  
6. S e p h a. r ose C - 5 0  E l u t i on P r of i l es of 
0 - a. n t i g e n  a.nd C o r e  f r om HC St rains 3 4  
7 .  Ca.s Chr oma t o g r a p h y  E l u t i on P r of i l e s  of 
L P S  f r om HC st r a i ns 3 5  
8 .  Gas C h r oma. t og r a. p hy E l u t i on P ro f i l e s of 
L P S  f r om SU 8 4 3  a. n d  8 0 0 2  3 6 . 
9 .  The P a t t er ns o f  Ge l E l ·  e c t r o p h o  r e s i s of LPS 37 
iv 
I . 
I I . 
I I I . 
L I ST OF TA B L ES 
The A g ar w i t h A n t i b i o t i c  M a r k e r s  was 
Streaked to Identify the Pure Culture 
of R .  t r i fo l i i  St r a i ns 
The S y mb i o t i c  P r o p e r t i es of 
R .  t r i fo l i i  S t r a i ns 
Amoun t s  o f  Poly sacch a r i de F r a c t i ons fr om 
8 L i t ers Culture Med i a  of R .  t r i fo l i i  
S U8 4 3  a n d  mu t a n t s  Cmg /8 1 ) 
• 
I V .  The Re l at i v e S u g a r  P e r c e n t  ( \Je i g h t >  of 
V .  
V I  . 
V I  I .  
V II I .  
I X . 
x. 
X I . 
11 S 1 i me11 
The R e l a t i v e  S u g a r  P e r c ent < \.ote i g h t >  of 
t h e  E P S  a.nd Reduced C U r on i c  Ac i d >  
EPS 
The R e l a t i v e  Su g a r P e r c e n t  C\Je i g h  t >  of 
t h e  Anion E x ch a ng e  C o  1 umn F r a ct i ons of 
C P S  and E P S  C H C  S t r a i ns )  
The R e l a t i v e S u g a r  P e r c ent (\Jei g h t >  of 
A n i on E x ch a ng e  C o lu m n  F r a c t i on s  of C P S  
a nd E PS C SU B4 3 ,  a·ooz> 
The Rela t i v e S u g a r  P e r cent 
t he C PS and Reduced CU r on i c  
C P S  
The R e l a t i v e S u g ar P ercent 
t h e  L P S  and Reduced CU ron i c  
L PS 
The Re l a t i v e  S u g ar P e r cent 
C \Je i g h t )  
Aci d) 
< \Je i g h t >  
A c i d ) 
C \J e i g h t >  
L P S C o  re a. nd A nt i g en f r om HCB43 and 
H C 8 4 3 C p B R 1 AN >  
The R e l a t i v e S u g a r  P e r c ent ( \Je i g h t )  
SmP S f r om SU 8 4 3  and M u t a n t s  
v 
o f  
of 
of 
of 
38 
39 
4 0  
4 1  
42 
4 3  
4 4  
4 5  
46 
4 7  
4 8  
INTRODUCT I ON 
T h e  Rhi:r:o b i um i s  a. kind o f  b acte r i um wh i ch i s  
c ap ab l e  o f  fixing ni tr o g e n  wh e n  g r owing sy m b i o tica l ly i n  
t he l e g u me h o s t r o o t . 
n e g ati v e , and ae r o b i c .  
The c e l l s a r e r o d -s h  a p e d , g r am 
T h e  i n f e cti o n  b e tw e e n  the Rhi:r:o b i um a.n d  the l e g ume 
h o st is s p e ci f i c .
1 
T h e  h i g h de g r e e  of s p e c i f i c i ty may b e  
d u e  to the p l ant l e c t i n wh i ch i nt e r acts with un i qu e  car b o ­
h y d r ate co n s t i tu e nts o n  th e s u r face o f  th e R h i :r:o b ial 
s y mb i o n ts .
2 Th e r e fo r e  th e su r face car b o h y d r ate s o f  Rh i s o -
b i um h ave become the m a j o r s u b j e ct i n  th e i n v e st i g a t i o n  of 
the Rh i s o b i um- l e g um e  sp e c i f i c ity . T h e  Rh i s o b ium c e ll 
su r f ace also conta i n s  f l a g e l l a. .  B ut _ r e ce n t  r e p o r ts 
s u g g e s t  that f l a g e l l a a. r e  n o t  i n v o l v e d  3 ,  4 i n s y mb i o s i s . 
Acco r d i n g to the � r g r owth r at e ,  the Rhi:r:ob i um 
s p e c i e s  ca. n  b e  d i vid e d  into two ma. i n  g r o up s :  Ca. >  T h e  
fast- g r owing s p e c ie s  wh i ch inc l u d e  R .  t r i fo l i i , R .  
l e g um i n o s a. r u m ,  a. n d  R .  m e l i lo t i ; C b >  th e slow- g r ow i n g 
s p e c i e s  which i n c l ud e  R. j ap o n i cum . Fa.st g r owe r s ,  s u ch as 
R .  tr i fo l i i ,  g r ow m u c h  faste r in c.-u l tu r e  me d i um than s l ow 
g r o we r s ,  a. g e n e r a t i o n  t i me of 3 - 6  h o u r s  comp a r e d  to 1 8 - 2 0  
h o u r s  r e s p e ctiv e l y .  F o u r  d i s c r e te ste p s  ar e r e qui r e d  i n  
the i n f e ct i v e  s y mb i o t i c  p r o c e s s between Rhi:r:o b i um and h o st 
r o o t :  Ca. > Attac hme n t ,  Cb > r o ot-hair cu r l i n g ,  < c> i n fec-
1 
t i o n  t h read fo r ma t i o n ,  < d > b a ct e r o i d  fo r m a t i o n .  I f  a. n y  
one o f  t h ese fo u r  s t e p s  fail s ,  t h en t he s u b s e qu ent s t e p s  
w i 1 1 no t o ccur . 
R h i zo b i um t r i fo l i i  s y mb i o t i c  mu t a n t s  we r e  e x a m i n e d  
t o  d e t e r m i ne t h e  m o l e cu l a r  b a s i s  o f  sym b i o s i s .  Si n ce t h e  
R h iz o b i um i n i t i a l l y  a t t a ch e s  t o  t h e  p l a n t  r o o t , s u r face 
factors are thought t o  be es s en t ial in t h e s y mb i o t i c  
p r oce s s .  The ma j o r i t y  o f  t h e s e  s t u d i e s ha v e  co n ce n t r a t ed 
on t he s u g a r  comp o si t i on a n d  s u g a r  l i n k a g e s  o f  s u r face 
p o ly s a cch a r i d e s .
5 
Th e majo r ce l l  s u r face p o l ysaccha r i d e s  o f  
Rh i z o b ium a. r e  l i p o p o l y s a. ccha. r i d e s  <LPS> � nd ex t r a ce l l u l a r  
p o l y s a ccha r i d e s  CE P S ) . P r e s e n t  evidence i n d i ca t e s  t h a t  
t he EPS a nd t he L P S  f r om g r am n e g a t i v e b a ct e r ia d e t e r m i ne 
t h e  s p eci f i c i t y  o f  t h e ir a s s o c i a t io n  wi t h  o t h e r  
. 6 o r ga nisms . Th e r e  a. r e  o t h e r  ce l l  su r fa ce p o l y s acch a r i d e s ,  
s u ch a.s ca p s u l ar p o l y saccha r i d e s  < CP S ) , a. f o rm o f  EPS t h a. t  
i s  c l o s e ly a s s o c i a t e d  wi t h  t h e  ce l l  wa l l ,  a. n d  n e u t r a l ·  
g l u ca n  p o l y s acch a r i des . Th ese p o l y s accharides a r e  a l s o  
t h o ugh t  t o  p a r t icip a t e  i n  t h e  s y mb i o t i c  p r o ce s s . 
The L P S  c o n s i s t  o f  t h ree ma j o r  structural r e g i ons: 
A l i p i d  r e gio n ,  a co r e  o l i go s a. cch a r id e  wh i c h is a t t a ch e d  
t o  t he l i p i d t hr o u gh a n  a c i d  lab i l e lce t o s i d i c  b o nd i n vo l v -
ing 2 - k e t o - 3 - d e o x y o ct o n i c  a c i d  < KDO> , and a. n  0- an t i g en 
p o l y sa.ccha r i d e wh i ch i s  a r ep e at i n g o l i g o s a.cchar i d e and i s  
a t t a ch e d  t o  t h e  co r e  o l ig o s a. ccha r i d e .  Acco r d i ng t o  t h e  
a na l y s i s  o f  t he s uga r comp o s i t i o n ,  t h e co re i ncl u d e s  l a r ge 
2 
a mou n t s  of uron i c  a c i d . T h e  amount of uron i c  a c i d  v a ries 
b e t w e e n  d i f f e re n t  s t ra i ns .  The EPS , wh i ch i s  u sua. l l y  
a c i d i c ,  c on t a i ns uroni c &c i d  a n d  i s  a s l i my ma t e r i a l  wh i c h 
t h e  b a c t e r i a.  e x cre t e  i nto t h e  qrowt h me d i a. . 
R h i z ob i a  cont a i n  na t u ra l l y  oc c u rr i ng p l a sm i d s .  
Gene t i c  7-11 e v i d e nc e  h a s  su g ge s t e d  t h a t  t h e  p l a sm i d  
s u p p 1 i e s g e n  e t i c i n f o r ma t i on f o r d e  t e rm i n a. t i on a n d 
d e v e l op me n t  of t h e  sy mb i o t i c  p r oc e s s .  B y  a. I t e ra t i on of 
t h e  p l a sm. i d  o f  t h e  pa.rent Rhizob i um s t ra i n, a sy mb i o t i c 
mu t a nt c a n  b e  c r e a t e d .  
Comp a r i son b e twe e n  t h e  p a.re n t  and mu t a nt s t ra i ns 
w i l l  d e f i ne f a c t ors a nd t h e i r  f u nc t i ons wh i ch are resp on-
s i b l e  for t h e  d i f f e re n t  s t e p s  i n  t h e  s y mb i o t i c  proc e s s .  A 
p a r e n t a l R . t r i f o 1 i i s t r a i n , SU 8 4 3 , a-n d t h r e e mu t a n  t s w e  re 
a na l y ze d :  < a > SU 8 4 3  nod u l & t e s  < N o d + ) a n d  f i xe s  ni t ro g e n  
< F i x +>; <b > 8 0 0 2  <Nod ) ,  <F i x -> ,  d o e s  not c a. u s e  root ha i r  
cur l i ng <Hae ) ;  (c) HC 8 4 3  <Hae ) ,  <Nod ) ,  <F i x > ;  t h e  
p l a sm i d  r e s p o ns i b l e  f or symb i os i s  i s  missing; ( d ) HC8_43 
p B R 1 AN < N o d +) ,  < F i x +) ;  t h i s  i s  a. d e r i v a t i v e  of HC 8 4 3  whfch 
c o nt a i ns t h e s y mb i o t i c  p l a sm i d  f rom a no t h e r  R .  t r i f ol i i  
st rain . < A l l t h e  st ra i ns were provi d e d  b y  D r .  B a r ry R o l f e  
of t he A u s t ra l  i a.n Na t i onal Uni v e rs i t y . >  S ome of t h e  
d i s t i ngu i sha b l e  asp e c t s  be t we e n  t h e  p o l y sa c c h a ri d e s  from 
SV843 and 8 0 0 2  h a v e  b een d e t e rm i ne d  b y £ .  1 2 A .  Turnb u l l .  
T h e  8 0 0 2 CPS shows c on s i d e  r a b  1 e d i f f e r e n c e i n b o t h  t h e  
mass prod u c e d  a n d  sugar composi t i o n .  O t h e r  d i f f e r e nc e s  
b e tween t h e HC84 3 / 8 0 0 2  s t ra. i ns < F i x  , Nod 
S U 8 4 3 /HC84 3 C p B R 1 AN> s t ra i ns F . + d
+ C ix , N o  > 
3 
mu t a n t s >  a n d  
o c cu rred i n  
LP S ,  sma l l  mol e c u l a r  weigh t p o l y s a c ch a r i d e s  CSmPS> a n d  the 
amount of v is c ous b a c t e r i a l  p e l l e t .  The b a c t e r i a l  p e l l e t 
a f t e r  c e n t r i fug i n g t h e  cu l t u r e  i s  v i s c ous , a n d  t h e  amoun t 
of v i s c ous m a t e r i a l  d e c r e a s e s  b y  t h i s  ord e r :  
p B R 1 AN ,  SU 8 4 3 ,  8 0 0 2 , H C 8 4 3  
most v i scous----> le a s t  v i s c o u s  
T h e  v i s c os i t y of t h e  p e l l e t  m a y  b e  r e l a t e d  t o  th e a b i l i t y 
t o  nod u l a t e s i n c e  b oth pBR 1 AN a n d  S U 8 4 3  n o d u l a t e a nd 8 0 0 2 
a n d  H C 8 4 3  c a nn o t  nod u l a t e . 
• 
4 
EX P E R I MENTAL 
P r oced u r e .1...Q..L G r ow i ng Rhi z ob i  u m  
A .  M ed i a.  1 3  Con t en t s  
R h i %ob i um tr i f o l i i  s t r a i n , S U 8 4 3 ,  8 0 0 2 , H C 8 4 3 ,  and 
HC8 4 3  < p BR lAN> were o r own on mod i f i ed B e r g e r son's med i a  
wh i ch cons i s t ed of lOmL / L  of ea. c h  of t h e  f o l l ow i ng 
s o l uti on s :  S o l u t i on I - C a. C l 2 •H 2 0 ,  5 g / L ; S o l u t i on I I  
S o l u t i on I I I  - MoS 0 4• 7 H 2 0 ,  8 g /L ;  
S o l u t i o n  IV - F eC 1 3 , 0 . 3 g / L ;  S o l u t i on V - t h i a. m i ne HC l ,  
0 . 2 g / L  + b i ot i n ,  0 . 0 2 g / L .  Yeast ext r � c t ,  O . Sg / L ; g l ut a m i c  
a. c i d  , 0 . 5 o I L ;  ma. nn i t o  l , 1 0 . 0 g IL a. n d t r a. c e e l eme n t s  , 1 mL IL 
were a. d d ed . The pH v a. °l u e wa. s a. d  jus t ed to 6 . 8 a nd t he 
med i a. wa.s ster i l i z ed b y  a. Ma. r ket For g e  S t er i lma.t i c a u toc l a v e  
a. t  1 5  l b / i n2 , 2 4 0 °C ,  f or 1 1 / 2  h ou r s .  
B .  I noc u l a t i ng Sta r ter 
The b a cter i a  were tr a ns fer r e d  f r om a. s l a nt , wh i c h 
wa. s f i r st c h  e c Jc e d w i th Cr a. m- s t a  i n , i n to f o u r  1 2 5 - mL f l a.  s le s 
c onta i n i ng 4 0 mL of cu l t u r e  med i a .  Then t h e  f l a s k s  were 
p l a c ed on a. r o t a. r y  sh a ker for a. b o u t  2 -3 d a y s  a. t r oom 
temper a t u r e .  
C .  I n ocu l a.t i ng L a. roe Amou n t  C u l t u r e  Med i um 
The f o l  l ow i ng t ests were p e r f o r med one da.y bef ore 
t h e  4 0 mL f l a sk s  were r e a d y  to be t r a. n s f er r e d  to l a. roe 
b ot t l es c o n t a i n i ng 8L of med i a. :  
5 
a. . T e s t  w i t h  Cram- s t a. i "n .  
b .  St rea.lc on n u t r i e n t  a. g a r . 
c .  S t re a k  o n · s o l i d  me d i a. ,  i . e .  mo d i f i e d  
Berg e rs o n's me d i a  w i t h  a. g a r . 
d .  S t r e a k  o n  s o l i d  me d i a  wh i c h c o n t a i n s  
a p p ro p r i a t e  a n t i b i o t i c  m a rlc e r s ,  i . e .  lc a n a. my c i n 
f o r  8 0 02 ,  H C 8 4 3  s t ra i n s , a. n d  HC 843 C p B R 1 AN > .  
I f  a l l  re s u l t s  showed a p u re c u l t u re, i.e . Gram-
n e g a t i v e , n u t r i e n t  a. g a r  i nh i b i t e d ,  a.nd 8002 lca.na.my c i n  
r e s i s t a. n t , t h e n t he 4 0 mL c u  l t u r e s  we re t ra n s  f e r red to t he 
l a rg e  b o t t l e  wi t h  8 l i t e r s  of cu l ture m e d i a. .  E a. c h  b o t t l e  
wa.s a e r a t e d  wi t h  f i l t e r e d  a i r d u r i no t h e c u l t ure p e r i o d .  
Fi v e - mL a l i qu o t s  o f  cu l t u re me d i a.  were r�mo v e d  a. t  
i n t er v a l s  of 4-6 h o urs a nd t h e  a b s o r b a. n c e  ( i . e .  1 i g h t  
s c a t t e r i n g >  me a s u r ed a t  620nm u s i n g  de i o n i �ed wa t e r  a. s  t h e  
refere n c e .  M e a s u r emen t s  a. re m a d e  o n  a S p e c t ro n i c  7 0 .  
D .  H a r v e s t i n g t h e  B a c t e r i a.  
The t e s t i ng p r o c e d u r e s  d e s cr i b e d  i n  C C )  were 
p e r f o r m e d  a.g a i n  o n e  d a y  b e f o re t h e  h a rv e s t .  T h e  b a. c  t e  r i -a 
w e re h a r v e s t e d  a.t t h e ea r l y  s t a t i o nary p h a s e  a n d  were 
s e p a r a t e d f ro m  t h e  me d i a  b y  c e n t r i f u g a t i o n a. t  1 0 , 000 rp m 
f o r  20 min u t e s  by a. Sorva.ll S upe r spe e d  SS-3 c e n t r ifuoe . 
T h e n  t h e  b a c t er i a l  p e l l e t  wa s we i g h e d .  
Eatraction and P u r i f i c a t i o n  .!U. Rhi%obium Surface 
P o l ys a. c c h a. r i d e s  
A .  I s o l a. l i o n  o f  E x t ra c e l l u l a r Po l y s ac c h a r i d e s  C E P S >  
Two l i t e rs o f  t h e  b a. c t er i a. - f r e e c u l t u re m e d i a  w e re 
c o n c e n t r a t e d b y  ro t a r y  e v a p o ra t i o n  u n d e r  re d u c e d · p r e s s u r e  
t o  a.b o u t  2 00mL . I n  o rd e r  t o  p re c i p i t a t e t h e ex t race l l u l a r  
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p o l y sacch a r i d e  from t h e  c u l t ure , t h re e  v o l um e s  of e t h a no l  
w e r e  a d d e d .  The -p r e c i p i t a t e  wa. s s e p a.r a. t ed by c e n t r i fuga-
t i on ,  d i ss o l v e d  i n  d e i on i ze d  wa. t e r , and d i a l y z e d  i n  t h e  
I d  4 oc ,  c o  r oom , a ga i ns t  d e i on i z e d  wa t e r  a n d  f r e e ze - d r i e d . 
B .  Is o l a t i on of Ca p s u l a r  P o l y s a. c c h a. r i d e s  < C P S >  
The b a c t e r i a l  p e l l e t  w a s  w a s h e d  two t i m e s  w i t h  
fresh me d ia. and c e n t r- i f u�ed a. t  10 , 0 0 0  rpm. Th e b a. c t • r i a. 1 
p e l l e t  wa s m i x e d  w i t h  a s a l i ne so l u t i on <0 . 4 3 g / L  KH 2 P o4
, 
1 . 6 8 g IL Na. 
2 H PO 4 , 7 . 2 g I L  Na. C 1 , p H  v a. 1 u e & d ju s t e d t o  7 . 2 > 
f or t h ree m i nu t es u s i n g a b l e nd e r  a nd c e nt r i fuge d .  Th i s  
w a s  r e p e a t e d  unt i l  t h e  s u p e r na t a n t  d i d  not cont a i n  a. n y  
h e x ose a.s m e a sured b y  t h e  a. n t h r one t e st < s e e  b e l ow ) . The 
s a l i ne s up e r na t a n t  sol u t i on s  were comb i ne d  a nd conc e n-
t ra t e d  b y  r ot a r y  e v a p o ra t i on und e r  r e d uced p re s s ure a.t 
4 0 °C ,  d i a l y z e d  aga i ns t  d e i on i z e d  wa t e r  and fre e z e - d r i e d . 
C .  Isol a t i on of L i p op o l y s a. c ch a r i d e s  < LP S >  a n d  Sma l l  
M o l e c u l a r  Ve i gh t  P o l y sa c c h a ri d e s  CSmP S >  
The s a l i ne -wa s h e d  b a c t e r i a. I  p e l l e t  w a s  a d d e d  t.o 
65 °c d e i on i s e d  wa t e r  unt t' l t h e  t ot a l  v o l ume wa. s ·1oomL arrd 
t h e n  1 0 0 mL 0 65 C 9 5 �  p h e no l  we r e  a d d e d . T h e  sol u t i on wa s 
p l a c e d i n  a wa t er b a. t h  a t  6S°C a.nd s t i rr e d  for 15 m i nut e s .  
T h e  m i x t u r e  w a s  t h en i mm e d i a t e l y  p l a c e d  i n  a n  i c e b a t h f or 
a no t h e r  15 m i nu t e s a n d  t h e r e a f t e r  ce n t r i fuged i n  t h e  c o l d 
r oom a t  4 °C a t  11 , 0 0 0  rpm f or 2 0  m i nut e s . The wa t e r  l a y e r  
was r e m o v e d  and r e t a i n e d ,  whe r e a s  t h e  p h e no l  l a y e r  was 
a d d e d  to 100mL 6S0c d e i on i ze d  wa t e r ,  a.nd t h e  e x t rac t i on 
procedure re p e a t e d .  The w a t e r  l a y e rs we r e  c ombi ned a nd 
d i a l y ze d  a g a i ns t  d e i on i se d  wa t e r  a. t  4
°c .
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To e a. ch 1 0 0mL o f  wa t e r  la y e r  wa s a d d e d  0 .  lmL 
Dna.se < lmg /mt) a n d  0 .  lmL R n a. s e  < 1 Omg /mt> , w i t h  1 OaL o f  
0 . 1 M M g S 0 4 /0 . S M t r i s  b a s e ,  p H  v a l ue a d j u s t e d t o  7 . 5 .  
T h e  s o l ut i o n wa.s a l l ow e d  t o  s t a n d  a t  r o om t emp e r a t u r e  f o r  
2 4  h o ur s ,  t h e n  d i a l y z e d , c o n c e n t r a t e d ,  a n d  f r e e ze - d r i e d . 
One h un d r e d  m.g of the p o l ysa.ccha. r i d e  wa.s d i s s o l v e d  
i n  7 mt o f  buff e r  s o l u t i o n  <Jg/L EDTA, 39/L TEA-
t r i e t h y l am i n e - p H  7 .0>. The m i a t ur e  wa.s a p p l i e d t o  a. 
S e p h a r o s e  48 co l um n  < 4  x 6 0 cm> w i t h  a. f l ow r a t e  o f  
a p p r o x i ma t e l y  0 . 2 m L /m i n u t e .  
T h e  v o i d  a n d  i n c l ud e d  v o l um e s  we r e  d e t e r m i n e d  b y  
• 
u s i no b l u e d e a t r a. n  a n d  g l uco s e . Five -mL f r a c t i o n s  we re 
co l l e c t e d  a. n d  a. s s a. y e d  f o r  h e x o s e  Ca.n t h r o n e  t e s t >  a.nd KO O .  
The L P S  e l u t e d  a. f t e r t h e v o i d  v o l ume a n d  t h e SmPS e l u t e d 
n e a r t h e  i n c l u d e d  v o l ume . T h e  t w o  p e a k s  o b t a i n e d  we r e  
d i a l yz e d  a n d  f r e e ze - d r i e d .  
D .  H y d r o l y s i s  a. n d  S e p a r a t i o n  o f  tPS 
The L P S  u s ua l l y c.o n s i s t s  of t h r e e  r e qi o ns :  A 
l i p i d ,  a. co r e  o l i go s a. ccha. r i d e wh i ch i s  a t t a ch e d  t o  t h e  
l i p i d  t h r o uqh a n  acld l a.b i l e b o nd i n v o l v i n q  KOO < 2 -lce t o -3-
d e o xy o c t o n i c  a. c i d > ,  a n d  a. r e p e a t i ng o l i go s a c ch a r i d e  k n own 
a. s  t h e  0 - a. n t i ge n .  The L P S  was hyd r o lyzed w i t h 1 ¥.  a ce t i c 
a c i d  a t  100°c f o r  o n e  h o u r , t h e n  p l a c e d  i n  a.n i c e  wa t e r  
b a. t h  f o r  1 5  m i nu t e s . Th i s  r e s u l t e d  i n  a. p r e c i p i t a t e  
c o n t a i ning t h e  l i p i d  wh i ch h a d  b e e n  de t a ch e d  f r o m t h e  
p o l y s a.cch a. r i d e b y  t h e r up t u r e  o f  t h e Jce t o s i d i c  b o n d 
b e t we e n  t h e  l i p i d  a n d  t h e  KOO. T h e  mi x t u r e  wa s ce n t r i -
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f u g e d  a.t 5,000 r p m  fo r 20 m i n u te s . T h e  su p e r na.ta.nt 
c o nta. i n i ng the 0- a nt i g e n a nd the core wa.s fre e z e -d r i e d a nd 
d i ss o l v e d  i n  500 fl of d e i o n i s e d  wa.ter a. n d  a. p p l i e d  to a. 
Se p h a d e a  C-50 (1 . 5  x 1 0 2 cm> g e l-fi l t r a. t i o n  colum n .  Two-ml 
f r a ct i o n s  were co l le cte d a.nd assa y e d  fo r h e x o s e  a n d  u r o n i c  
a. c  i d .  Two p e ats we r e  o b t a. i n e d --the 0-a nt i g e n  tha.t e l u t e � 
n e a r  v o id v o l um e  a. nd the co r e  th a t  e l u t e d  ne a r  i nclu d e d  
v o l u me .  T h e s e  we r e  co llected a.nd fre e �e -d r i e d .  
Qualitative a.nd Qu a nt i ta t i v e  Ana l ysis Q..1_ .!..h..£ 
P o lys a ccha rid e s  
A .  1 5  1£ . 17 KDO , H e x o s e  a. n d  U r o n 1 c  Ac i d  A s sa y  
A s o l u t i o n  o f  lmg /mL o f  e a. ch p oly sa.ccha. r i d e wa.s 
m a d e . Th i s  wa s a ssa y e d  to d e te r m i ne th e p e r ce n t a g e  o f  
he x o se Ca. n t h r o ne t e st> , u s i ng g l u c o s e ·  fo r s t a nd a r d ;  u r o n i c  
a c i d  Cm-h y d ro x y d i p h e n y l  m e th o d )  u s i ng g l u cu r o n i c  a c i d  
for sta nda r d ; a n d  KOO Cth i o b a.r b i tu r i c  m e th o d > . The 
d e ta i l s  of the s e  p r o ce d u r e s  a r e  g i v e n  i n  A p p e nd i x  I .  
B .  18 Ga.s Chromato g ra p h y  
T h e  a l d o s e s  o f  p o l ysacch a r i d e s  we r e  analy z e d  b y  
g a. s ch r o ma. t o g ra p h y , a. s th e i r a 1 d i t o 1 a c e  t a. t e s  . E a ch 
polysaccha�ide was h y dr o l y sed i n  2N tr i fl u o r o a ce t i c  a c i d  
for two ho u r s  a.t 121°c. B y  co nv e r t i ng the m o n o s a.cch a r i d e s  
to the i r  co r r e s p o nd i ng a l d i to l  a c e ta tes , they w e r e  
i d e nt i f i e d  b y  comp a r i so n  o f  th e i r  g a s  ch r o m a to g ra p h i c  
r e t e nt i o n  t i me to the r e t e nt i on t i me o f  the s ta n d a r d a n d  
qu a nt i ta. te d  by d e te r mi n i ng p e a k  a r e a s . T h e  d e ta i ls o f  
thi s pr o ce du r e  a re g i v e n  i n  A p p e nd i x  I .  
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C .  U r on i c  Ac i d  Red u � t ion 1 9  •20 
I n  or d er t o  d e t er m i ne t h e i r i d ent i t y  and l i n ka g e ,  
i t  i s  neces s a r y  to r ed u ce t he u r o n i c  a.cid t o  i t s cor r e -
s p end i ng hexos e . F o r  t h e  p o l y s a c c h a. r i d e s a mp l e  t h e  
perc ent u r oni c a c i d  was d e t ermi ned b y  t h e  m-h y d r oxy -
d i p h e ny l  color i me t r i c  a s s a y . F o r  ea. c h  40 0 }J.9 of u r on i c  
a. c i d 2 5 0  f'L of d e i on i zed water were a.dd e d .  The s o 1 u t i o n s 
of Ca. > O . O S M  p y r i d i ne pH 4. 7 5  by HCl; Cb ) 0 . 2 S M  Na.OH; Cc > 
0 . 2 5 11  HC l ;  Cd > 2 . 0 M  t r i s  pH 7 . 0  b y  HC l ;  a nd Ce> O . OSM Na.OH 
were p r e p a red . F i f t y  )IL of so l a t i on ( b )  we r e  a d d ed , and 
t h e  s a m p l e  wa.s hea t ed a. t  60 °C for one h ou r . Th i s  r emoves 
• 
a.ce t y l  g r ou p s .  of s o l u t ion < c >  w e r e  a d d ed to 
neu t r a l i z e t h e  s a m p l e .  One h u ndred tw e n t y  m i croli t er s  of 
s o l u t i on < a >  a n d 1 0 0 mg of c a rbodiimide we r e  a d d ed ,  mi xed 
and a l l owed t o  s t a n d  for one hour a t  30 ° . One-ha l f  mL of 
s o l u t i on ( d )  was a d d ed .  S o l u t i on ( e ) was u s ed t o  p r epa re 
6 4 m g /m L  of sod i um b o r oh y d r i d e  s o l u t i o n .  Then 2 5 0  f'L of 
. 
t h e  NaBH4 solu t i on w e r e  a.�ded t o  t h e  samp l e  and a llowed t o  
s t a nd a t  room t em p era t u r e  for one h ou r .  T h e  s a l t  t h a t  was 
con t a i ned i n  t h e  s a m p l e  t h en w a s  r emoved by dia l y s i s  < fo r  
l a r g e  molec u l a r  we i g h t  p o l y s a c c h a r i d e s >  o r  C-25 , C - 1 0  
S e p h a d ex c o l umns for sma l l  molec u l ar weigh t p o l y s a c c h a -
ri d e s .  T h e  re d uc t i o n  p r oc ed u re was r epea t ed b u t  w i t hout 
s o l u t i on < b >  a.nd < c > . Th e f i rs t  re d u c t i on r e d u c ed a. b ou t  
6 5 %  of u r on i c  a.c i d  c a rboxyl gr o u p .  A f t er t h e  sec ond t i me 
a b ou t 9 0 �  u r on i c a c i d  wa s re d u c e d . 
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D .  C o lumn o f  An i on E x c ha n g e  C e l 
The A g  a r o s e - DE AE Ge l ( bu f f e r ; 0 . 0 1 N t r i s < h y d r o x y -
methy l am i nomethane) w a s  p a. e k e d  i n  2 x 2 5  cm co l um n .  The 
p o ly s a.c c ha. r i d e s  w e re &pp l i e d  to the c o l umn . The a. c id i c 
f r a c t i o n  w a s  b o un d  b y  the g e l ,  a n d  the n e u t r a l  p a r t wa s 
c o l l e c ted a n d  d i a l y z e d . 
The c o l umn then wa s w a s h e d  b y  q r a d i ent O .ON to 
O .SN Na.C l in the tris 0. 01N b u f f e r .  F r a cti o ns we r e  
c o l l e c te d a n d  a s s a y e d  f o r  he x o s e  a. n d  u r o n i c  a.cid . The 
co l umn was w a s h e d  w i th lN Na.Cl. Any po l y sa. ccha r id e  
e l u t i ng wa s .d ia l y z e d  a n d  f r e e z e - d r i e d . 
E .  . 21-23 24 C e l  E l e ct r o p ho r e sis a.nd S i lve r - s ta i n e d  o f  
Po l y a. c r y l a. m i d e G e l . 
The 1 2 � a c r y l am i d e  qe l w a. s  r u n  a n d  stained a s  
d e s c r i b e d  b y  H i tchc o c k  a n d  
24 B r o wn .  The samp l e  f o r  e a c h  
s t a i n  wa. s 2 0 mg o f LP S . The s t a n d a r d s  we r e : B ,  BSA 
C66,000>; 0 ,  o va. l b um i n  <4 5,000); T ,  tryp s i n o g e n  <24,000) 
L a ,  b e ta. - l a. c ta. l b u ro. i n  C18,400>; a n d  L ,  l y s o z yme C14,300>. 
The d e ta i l s  o f  the e l e c t r o p ho r e s is p r o c e d u r e  a.nq sta i n i n9 
p r o c e d u r e  a. r e  g i v e n  i n  A p p e n d i x  I. 
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R E SULTS 
I d e n t i f i c a tion .2.1. H a rv e s t e d  C u l tures 
F o r t he c on f i r ma. t i o n  o f p u r e c u 1 t u r es , a g a r w i th 
a p p rop r i a te an t i b i ot i c  m a r k e r s  was u s e d  a n d  a l l  stra i n s 
tested as expected showini;i tha.t there was no c o n tun.i na-
t i  on. < T a b l e  I )  
Amounts a.nd Characte r i s t i cs .2..1. P o l ysaccharides 
• 
T h e  R .  tr i f o l i i  p o l y sa c c ha r i d e s  f r om SU 8 4 3  a n d  
mutants i n  wh i ch the s y m  p l a s m i d  i s  re p l a ced , a b s e nt or 
m u t a t e d  b y  tra ns poson TnS <Ta b l e  I I> were i s o l a t e d  b y  
f o l  l ow i ng the p r ocedures descr ibed i n  the exper imental 
s e c t i on . The a.mounts of po l y s a cch a r i d e s  a.re shown i n  
Ta b l e  I I I . 
The 8 0 0 2  str a i n , . wh e n  compared w i th oth�r stra i �s ,  
i s  d e cre a s e d  i n  the a.mount of C PS ( 3 0 % of norma l C P S> and 
E P S  < 6 S'!fl of norma l > . D u r i n g  th e p ur i f i ca t i on proc e ss ,  we 
f ou n d  that the 8002 C P S  wa s d i f f i c u l t  to isolate. E v e n  
a f te r  d i a l y s i s  a. p re c i p i tate i s  pre s e n t  i n  the 8 0 0 2  C P S  
f ra c t i on a nd i s  cal l e d the " C P S  p p t" .  
A l l stra i ns e x ce p t  H C 8 4 3  prod u c e  a v i s c o u s  p e l l e t  
on h a r v e s t i ng wh i ch i s  removed b y  wash i ng w i th f r e sh 
m e d i a. .  This v i scous mater i a l  i s  c a l l e d  s l i me .  Vh e n  
h a r v e s t e d , the H C 8 4 3  s tra i n  d oe s  n ot produce " s l i me "  
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CT&b l e  III> A n d  it fo r ms l a rge c l u m p s in the bott l e  d u ring 
g r owth . The r e l a t ive s ugar composition is s h own i n  Ta.b l e  
IV. The amount of viscous ma t e r ia l  o f  t h e  b acte r i a l  
p e l l e ts Ca. moun t of " s l i m e " )  h ave t h e  f o l lowing ord e r  < s ee 
Tab l e  III>: 
H C 8 4 3  Cp B R lAN> > SU 8 4 3  8 0 0 2  > H C 8 4 3  
The amounts of L PS a. r e  a l mos t e q u a l  i n  th e se 
s t r a i n s .  N o t i c e a b l y , the r e  e x is t s  a c e r t ai n  r a t i o :  \ii t . 
of L PS I \il t  . of S mP S  = 5 I 1 . This r a tio is not changed among 
th e s e  s t r a. i n s . 
The S uga r C o mposit ion .QJ_ S u r f a ce Po l ys ac c h arid e s  
A .  E x t r a. c e l l u l ar Po l y s ac c h a r i d e s  < EP S >  
The c omposit i ons of t h e EPS f r om R .  tri f olii SU843 
and mu tants ar e shown in Tab l e  V. The ap p r ox imate r a t io 
of ga l ac to s e , g l u c o s e  a n d  u r on i c  acid f o r a l l  str ains is 
1 / 4 / 2 . 
T h e  i d e n ti f i c a t ion of t h e  u ronic acid g r o u p  is 
-
v e ry we l l  indic a t e d  b y  compa. r ing t h e  s u g a r  c omp osition 
b e fore and a f t e r r e d u c t ion < T ab l e  V). The g l u c u r onic 
acid is t h e  on l y  t yp e  of u r onic acid t h a. t  is p r e s ent in 
a l l t h e  EPS s a mp l e s . 
The simil ar i t y  of c h e mi c a l  c omposition of t h e s e  
E P S  f r actions h a s  b e en a f f i r me d  b y  an a l y z ing t h e  f ract ions 
coll e c t e d  f r om S e p h a r o s e  4E c o l u m n  ch r omatog r ap h y  p u r i f i-
ca.lion and ani o n  e x c h ange ge l .  In t he case of the 4E 
c o l u mn a s s a y , t h e  EPS f rom e a c h  s t r ain e l ute a.s a b r oad 
pea. le c 1 o s e to t he v o id v o l u me . Th e s e  p e aks we r e  col l e c t e d  
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i n  s e v e r a l  f r a c t i on� , d i a l yzed a. n d  f r ee z e- d r i ed .  Ana l y s i s  
of t h e  su g ar c om p os i t i on of t h ose f r a c t i o ns showed no 
d i f f e r ence among t h e  f r ac t i ons or among t h e  s t r a ins . Two 
a n i on e x change c o l umns w e re r un a. t s ame cond i t i on s  for 
HC843 and H C 84 3 Cp B R 1 AN >  s t r a i ns a. n d  a. t d i f f e r e n t  
cond i t i ons f or 8002 a n d  S U 8 4 3  s t r a i ns .  The r e s u l t s f o r  
t h e  E P S  f r om HC843 a. n d  H C 84 3 Cp B R 1 AN> a. r e  g i v e n  i n  Ta. b l e  V I  
and t he EPS f r om S U 8 4 3  and 8 0 0 2  a. r e  g i v en i n  T a. b l e  V I I  a nd 
F i g .  1,2. No d i f f e r e n c e s  we r e  ob s e r v e d  i n  t h e  a.nion 
e x ch a ng e  f r a c t i ons. 
B .  C a p s u l a r P o l y s&c c h a. r i d es < C P S >  
T h e  r e l a t i ve s u gar c ompos i t i ons 'b f  t he CPS are 
shown i n  T a b l e  V I I I .  The C P S  o f  80 0 2  sh ows a. si g ni f i c ant 
d i f f e r ence f r om o t h e r  s t r a. i n s .  F i r s f, the a.mo u n t  of 8 0 0 2  
C P S  i s  onl y 3 0% o f  norma l . Second , i t i s  sh own t h  a. t 8 0 0 2 
cont a i ns f u c o s e , h e p t os e ,  20M6DH ( 2 - 0 - m e t h y l -6 -
d e ox y h e x os e >  a.nd h i g h e r  a.moun t s  of u r on i c a.c i d ,  t h e s e  
s ug A r s  a r e t y p i c a l  of L P S .  
U s in g  t h e  4 8  co l um n ,  we se p a r a t e d t h e  8 0 0 2  C P S  
i nto t wo p e a. ks .  One p ed: elu t ed i n  t he s a.me vo l ume a.s the 
LPS. This pea.k cannot be found in the CPS from other 
s t r a i ns .  The a n i on e x c h a nge col umn r e s u l t s a. r e  s h own i n  
T a b l e  V I  a. n d  T a b l e  V I I a n d  F i g .  3 , 4 .  The major p e a k 
e l u t e s d u r i ng t he z e r o  m o l a r  to ha. I f  mo l a r  sod i um c h l oride 
g r ad i en t  a n d  e l u t e s p r i o r t o  t h e  ma j o r p e a k f r om SU843 
C P S .  The 8 0 0 2  ma j or pea.le h as c on s i d e r a b l e  amou n t s of 
h e p t os e  and g l c /g a l  r a t i o  i s  sm a l l e r  t h a n  ot h e r  s t r a i ns 
CPS g l c I g a. I r a. t i o . The u ron i c  ac i d  grou p s  were i d entif i ed 
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b y  ur o n i c  a c i d  r e d u c t i o n  &nd g a s  ch r om a t o g r a p h y .  E x ce p t 
f o r  8 0 0 2  CPS, g l u c u r o n i c  a c i d  i s  t h e  o n l y  t y p e  o f  ur o ni c  
ac i d  g r o u p ;  t h e  8002 C P S  c o n t ains b o t h  ac i d s ,  g & la.c t u r o n i c  
a c i d  a.nd g l u c u r o n i c a c i d .  A smal l s u g ar c o m p o n ent a p p e a r s  
i n  t h e  HC 8 4 3 < p B R 1AN> CP S .  Th i s  su g a r  need s t o  b e  
i d  e n  t i f i e d b y  G C I m a s s  s p ec t r o s c o p  f ; b u t  i n  g a. s 
c h r omat o g r ap h y , t h i s  s u g a r  a p p ea r s  a. t t he p o si t io n  o f  
r h amno se . 
C .  L i p o p o l y sa. c c h & r i d e  < L P S >  
The b a c t er i a. I p el l e t s  w e r e  ex t ra c t ed i n  h o t  
pheno l / wa t er s o l u t i o n ,  and t h e  L P S  we r e  s ep a r a t ed f r om t h e  
S m P S  b y  48 c o l .umn < F i g .  5). T h e  r el a t ive s u g ar c o mp osi -
t i o ns o f  LP S a. r e  s h own i n  Ta b l e  I X . T h e s e  LP S c o n t a i n  t h e  
s ame s u g a r s .  M o s t  su g a r s  f o u nd i n  the LPS a. r e  p r e s ent i n  
ap p r o x i ma t e l y t h e  same r a t i o among t h es e  s t r a i ns .  Th i s  
s u g g es t s  t h at t he LPS a r e  v e r y  s i m i l ar t o  ea. c h  o t h e r . 
T h e  l i pid o f  Rh i s o b i um L P S  b ec o m e s  d e t ac hed f r om 
t he p o l y s a. c c ha. r i de r eg i on� on m i l d  a c i d  h y d r o l y s i s .  The 
r e l ea sed p o l y&a c c h a r id e  r e g io ns ,  t h e  0-ant i g en a n d  t h e  
c o r e r eg i o ns a r e  s ep ar a t ed by ap p l i c a t i o n t o  a. S ep h adex G-
50 25 c o l um n .  T h e  r e l a t i v e  su g a r  c o mp o si t i o ns o f  t h e  0-
ant i g en a nd t he c o re o f  b o t h  HC s t r .a.ins a. r e  g i v en i n  Ta b le 
X a n d  t he i r  G-50 c o l umn p r o f i l es a r e  s h ow n  i n  F i g . ·  6. 
The r es u l t s f o r  s t r a i n s  S U843 and 8002 h a v e  b een s h o wn 
1 2 b e f o r e .  T h e r e  a r e  no s i g n i f i c a n t  d i f f er en c e s  b e tween 
t he c o r e  a.nd 0-ant i g en r eg i o n s  among t he f o u r  s t r a i ns . 
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T h e  u r o n i c  a. c i d  r e duc t i o n  r e s u l ts f o r  t h e  L P S  t u r n  
o u t t o be v e r y i mp o r t a. n t . T h e  r e l a. t i v e s u ga. r c o mp o s i t i o n s 
a. r e  s h o wn i n  Ta b l e  I X  a.nd t h e  ga s c h r oma t o g r a p h y p r o f i l e s  
a r e  s h o wn i n  F i g .  7 , 8 .  A p p a. r e n t l y ,  a. f  t e r  r e du c t i o n ,  t h e 
L P S  i n c r e a s e s  i n  bo th ga. l a c t o s e  &nd g l u c o s e , e x c e p t  t h e  
p a. r e n t  s t ra i n  S U 8 4 3  wh i ch o n l y i n c r e a s e s  i n  t h e  a. m o unt o f  
ga l a c t o s e . Th i s  r e s u l t  i n di c a. t e s  t h a t  t h e  p a. r e n t  s t r a i n  
h a. s  a. un i que u r o n i c  a. c i d  g r o u p . A n o t h e r  p o s s i b i l i t y i s  
t h a t  f o r  t h e  mu t a. n t  s t r a i n s gl u c o s e  ma.y n o t  b e  r e l e a s e d  b y  
a. c i d h y d r o 1 y s i s b e  f o r e  t h e  u r o n i c a c i d i s r e d u c e d . The 
e x i s t e n c e  o f  u r o n i c  a c i d  c a. n  c a. u s e  u n u s u a l  s t a b i l i t y o f  
t h e  g l y c o s i di c  b o n d .  I n  t h i s  c a.s e ,  t h e  d . i f f e r en c e  o f  
mu t a n t  s t r a i n s f r om p a. r e n t  s t r a i n  wo u l d  b e  t h e  t y p e  o f  
g l u c o s e  l i nJca.ge . The L P S  we r e  a l s o a fta. l y z e d  b y  di s c o n -
t i nu o u s  p o l y a c r y l a.m i de e l e c t r o p h o r e s i s .  2 4  T h e  r e s u l t s  
s h o w  t h a.t t h e  LPS a. r e  s e p a. r & t e d  i n t o  two b a nd i ng r egi o n s 
< F i g .  9> T h e  p a t t e r n s  o f  t h e  di f f e r e n t  LPS a. r e  v e r y  
s i m i l a r . 
T h e  r e l a t i v e  s u ga r  c o m p o s i t i o n s  o f  t h e  Sm P S  t h a t  
w e r e  s ep a. r & t e d  f r om L P S  by t h e  48 c o l umn <F i g . S> a. r e  
s h o wn i n  Ta b l e  XI . 
s t r a i n s a n d  Cn o d  
Th e di f f e r e n c e  o c c u r r e d  b e t we en ( n o d+> 
s t r a i n s . T h e  n o d u l a t i n g  s t r a. i n s 
SU 8 4 3  a n d  HC843 C p B R 1AN> ma.y h a v e  h i g h e r  a. m o u n t s o f  u r o n i c  
a c i d . T h e  SmPS f r a c t i o n n e e ds t o  b e  e x a mi n e d  f u r t h e r  t o  
de t e r m i n e t h e  s i g n i f i c a nce o f  t h e  di f f e r e nce i n  t he u r o n i c  
a c i d  a.mo un t s . 
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Summa r y  ..2..1. Re s u l t s  
D I S C US S I ON 
D i f f e rences a.mo n g  p l a s m i d  a. l t e r ed s t r a i n s :  
( 1 > T h e  8 0 0 2 p rod u c e s  de c r e  a s e d C P S  < o n  l y o n e -
t h i r d  of p a r e n t  C P S  a.mo un t > . T h e  8 0 0 2  C P S  i s  p o s s i b l y  
o n l y  a. m i x t u r e  of EPS a.nd L P S  f r a. ct ions . 
< 2 > The s u g a. r  comp o s i t i o n  of EP S i s  ma i n t a i ne d  
t h r o u g h o u t  t h e  s ym p l a s m i d  mu t a n t s .  
( 3 )  'We ob t a i ned a. n  i n so l u b l e  p o l y s a cch a. r i d e ,  " C P S  
pp t "  ( T a.  b 1 e V I  I I > , f r om t h e  8 0 0 2 C P S  ·f r a. c t  i o n  . The compo-
s i t i o n  r e s u l t s  s u g g e s t  t h i s  t o  be L P S  wi t h  a. l i t t l e  EP S .  
A d d i t i ona l l y ,  t he " C P S·p p t "  cont a i n s  l a r g e  a.mo u n t s  o f  
p r o t e i n . 
< 4 >  H C 8 4 3  i s  t h e  on l y  one i n  wh i ch t h e  b a ct e r " i a..l 
p e l l e t  d o e s  n o t  co n t a i n  v i s cou s m a t er i a l  ( " s l i me") T h e  
H C 8 4 3  s t r a i n  d o e s  no t c o n t a i n  t h e  s y n p l a s m i d .  
<S> The <nod +> strains SU843 �nd HC 8 4 3 Cp B R 1 A N >  
a r e s i m i  l a. r i n  t h a t  t h ey h a v e  l a r ge r  a mo u n t s  o f  s l i me 
<T a b l e  I I I > .  
(6) HC 8 4 3 Cp B R 1 AN> C P S  m a y  cont a i n  a un i que s u g a r  
wh i ch a p p e a r s  a. t  t h e p o s i t i on o f  r ha mn o se dur i ng g a s 
c h r oma t o g r a p h y . 
( 7 ) U r on i c a c i d s  we r e  i d en t i f i ed i n  8 0 0 2  C P S ,  
8 0 0 2  LPS , HC 843 L P S  a. n d  HC 8 43C p BR1A.N> LPS a s  b o t h g a. l a c t -
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u r o nic a c i d and g l ucu r o nic acid . S U 8 4 3  h a s o n l y  ga l a ct-
u r onic acid. S U843 EPS , S U 8 4 3  CPS , 8 0 0 2  EPS , H C 8 4 3  EPS, 
H C 8 4 3  CP S ,  H C 84 3 Cp B R 1 AN) EP S ,  and HC 8 4 3 C p B R1AN> CPS h a v e  
o n l y  g l u c u r o nic a cid . 
I n terpr etation QJ_ Re s u l ts 
<A> P l a s m id , n o d u l ation an d s u r f ace p o l ys a cch a r i d e 5  
a b u n d a nt 
La r g e p l a sm i d s  of molecular weight 8 1 x 10 a re 
. Rh" b' t . 2 6 ' 2 7  d t l  in 1 z o  1um s r a i n s  an a p p a r e n  y p l a y an 
imp o r ta nt r o l e  in d e te r mining the inte r act ion o f  the b a c-
te r iu m  with h o s t  p l a n t . Th e s y m  p l a. smid is th a t  p l asmid 
wh ich is as s o ciated with s y mbiotic a. b i l i�y . The s ym 
p l a smid is mutated in s t r ain 800 2 , missing in H C 84 3 , a n d  
s t r ain HC8 4 3 CpBR 1AN> contains a new p'lasmid, pBR 1 AN .  
<Tab l e  I >  
T h e  a b i l ity o f  nitr o g e n  f ixatio n in cl o v e r  is 
be l ie v e d  to d e p e n d  p a r t l y  on the s u r f a ce inte r action 
b e twe e n  R h i s o b ium a n d  the h o s t  p l ant r o ot. Ho s t s p e c i ·-
ficity in the R h i°z o b ium- c l o v e r  s y mb io sis ls e xp r e s s e d a.s 
a n  e a r l y  28 e v e n t .  The s u r f a ce po l y 5acch a r id e s  o f  R .  
tri folii a.re thought to be r e s po n s i b l e  f o r  d i f f e r e nt s y m-
biotic s te p s  < s e e  I n t r o d u ction s e ctio n , p a g e  2 > . I n  the 
case o f  s t r ain 8002 the n o d u lation f ai l s  at the s te p  of 
r o o t- h a ir cu r l in g . T h e  ch a n g e  o f  8002 s u r f ace po l y s a ccha-
rides may b e  r e s p o ns i b le for the de f ect in r o o t - h a ir 
cur l in g . O u r  r e s u l ts s ug g e s t  th a t  the ca p s ul e o r  th e 
&bi l i ty to f o r m  a. ca p s u l e  w a s  1 o st a s  s o on as the s ym 
p l a smid was mu tate d .  T h e r e f o r e  the cap s u l e  ma y b e  r e l at e d  
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t o  t h e  a b i l i t y  t o  i nd u ce t h e  r o o t - h a. i r cu r l i no .  
r e s u l t s  f o r  s t r a i n  8 0 0 2  w e r e  a. l s o  d e -s c r i be d  b y  E .  
T u r nbu l I . 1 2  
T h e s e  
C B >  T h e  c h a.noe o f  s u r f a.c e  po l ys a c c h a. r i d e s  o f  mu t & n t  
s t r & i ns 
The L P S  o f  t h e  m u t an t  s t r a. i n s  have an a. d d i � i o n a l · 
u r o n  i c a. c i d ,  i . e . g 1 u c u r o n  i c a c i d  , a. s we l 1 & s t h e  
oa l a c t u r o n i c & c i d  c o n t a i ne d  i n  t h e  pa. r e n t  L P S . The 
r e s u l t s  s u gge s t  t h &t the s o u rce of g l u cu r o n i c  a c i d  i n  t he 
L P S  h a s  n o t h i ng t o  d o  w i t h  t h e  s y mb i o t i c  s t e p ,  s i nce t h e  
H C 8 4 3 <pBR 1 AN> s t r a i n  wh i c h c o nt a i ns ano t h e r  s y m  p l a. s m i d  
a. n d  d o e s  no d u l a t e  s t i l l  c o n t a.ins gl ucu r o n i c  a c i d  i n  t h e  
LPS . 
The " s l i m e "  i s  abs e n t  i n  HCB43 s t r a i n .  I t  l o o k s  
l ik e  t h a t  o n c e t h e s ym p l a sm. i d  i s  l os t , t he "s l i me" c a nn o t  
be pr o d u c e d . The pr e s e n c e  o f  t h i s  s l i m e  i n  HC 84 3 CpB R 1 AN >  
a n d  i n  t h e  pa. r e nt s t r a i n  SU843, t o ge t h e r  w i t h t h e  a.bove 
r e s u l t  i n d i ca t e s t h a t  t h e  s ym p l a sm i d  i s  i mp o r t a n t  f o r· 
s l i me p r o d u c t i o n .  The f a. c t  t h a. t  t h e  n o d  s t r a i n s  have t h ·e 
mo s t  s l i m e  sugge s t s  t h a t  s l i me or t h e  a b i l i t y t o  f o r m 
slime may be important for nodula. t i o n .  
C C >  E P S ,  CPS and s l i m e  
Th e E P S  a. r e  i s o l a t e d  f r o m  t h e  c u l t u r e  me d i a . I t  
2 9  ha.s b e e n  r ep o r t e d  t h a t  gr o s s  E P S  p r o d u c t i o n c a nnot be 
u s e d  a. s  an i n d i ca t o r  o f  n o d u l a. t i o n ab i l i t y .  I n  o u r  
r e s u l t s ,  n o  d i f f e r e n c e s  a. m o n g  t h e  E P S  we r e  o b s e r v e d. 
No t i ce ab l y ,  t h e  c ap s u l ar CPS and "s l i me "  a.re d i f f e r e nt 
among t h e  s t r a i ns .  The C P S  and s l i me a. r e  no t d i s s o l v e d  i n  
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t he me d i a .  The s u g a r  comp o s i t i o n  o f  EPS, CPS a. n d  s l i m e  
a r e  a p p r o x i ma t e l y  t he same . From t he a n i o n  e x ch a n g e  
co l umn a.11 E P S  c a n  b e  e l u t e d  o u t  by 0 . SN so d i um chl o r i de ,  
y e t  some CPS s t i l l  b i n d s  t o  t he co l um n .  T h i s  i nd i ca t e s  
t ha t  t he C P S  ha s mo r e  a c i d g r o u p s  t ha n  E P S . The s t i cky o r  
a c i d i c  cha r a ct e r i s t i c  ls be l i e v e d  t o  be i n  t h i s  o r d e r :  
s l i m e  > CPS > EPS 
The a c i d i c  cha r a c t e r  o f  t h e s e  v a r i o us p o l y s a cchar i d es 
ne e d s  t o  be i n v e s t i g a t e d  f u r t he r . 
Summa r y :  
< 1 > The a c i d i t y  o f  p o l y saccha r i d e s  ma y be 
• 
a s s o c i a t e d  w i t h  n o d u l a t i o n a b i l i t y .  
( 2 )  The p o l y s a ccha r i d e s  a. r o un d  t he R h i s o bi um ce l l  
may be m o r e  i mp o r t a nt t o  symbi o s i s  t h a n  t he 
p o l y saccha r i d e s  i n  t he cu l t u r e  me d i a . 
( 3 )  S i nce t h o s e  p o l y s accha r i d e s  < CP S ,  E P S ,  Sl i me )  
ha v e  s i m i l a r  s u g a r  compos i t i o n ,  t he enzyme t ha t  co n t r o l s  
t he bi nd i ng o f  p o l y s a. c c ha.r i des a r o u nd t he ce l l  � ca p s u l a r )  
m a y  be t he ke y p o i n t  f o r  s ym b i o t i c  ab i l i t y .  
< D >  LPS and SmPS 
The g e l  e l e c t r op ho r e s i s  L P S  a s s a y  < F i g .  9 )  s h ows 
t w o  band ing r e g i o ns .  The u p p e r  band i ng r e gion c o ns i s t s  o f  
m a n y  ba n d s  i nd i ca t i ng a g r e a t  d e a l  o f  mo l e cu l a r  we i g h t  
he t e r o g e ne i t y .  A l owe r br o a d  s i ng l e  b a nd i nd i ca t e s  a 
l ow e r m o l e c u l a r  we i g h t  L P S  f o r m .  Comp a r i ng t he p a t t e r n 
w i t h  pro t e i n  s t a n d a r d s , w e  f o u nd t he u p p e r  band i ng r e g i o n 
ha s mo l e cu l a r  we i g h t  a. r o un d  1 . 5  x to4 t o  6 . 0  x 1 0 4 . The 
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l ower b a nd h a s  a mo l ec u l a r wei g h t  i d enti f i ed a s  ab out 
70 0 0. F o r  other LPS the u p p er b and i ng reg i on h a s  p r o v ed 
to b e  the c om p l ete L P S  w i th the 0 - a nt i g en r eg i on and the 
l ower b a. nd is LPS w i t h out the 0 - a ntigen r eg i on .  <C a r l son , 
u n p u b l i sh ed p a p e r ) 
T h e  L P S  i s  assoc i a ted w i th SmPS i n  many way s .  
F i r st ,  the r at i o  of wt . of LPS / wt .  o f  S m P S  ( 5 / 1 >  i s  the 
same f o r  e a. c h  str a i n .  S e c on d , b oth po l y sa c c h a r i d e compo-
s i t i ons f r om a s i ng l e  b a tc h  o f  b a c t e r i a  c h a ng e  w i th 
d i f f e r ent str a i ns i n  th e same way; i . e. i n  + nod , S U 8 4 3  & n d  
H C 8 4 3 C p BR1AN> str a i ns L P S  i s  h i gher a.t t h e  r el a t i v e  amount 
o f  NM 3 A 3 6D H , 2 0M 6 DH , r a t i o  o f  g l c / 9al a n d  S m P S  i s  hi gh e r  
i n  the r ela t i ve a.mount o f  u r oni c ac i d . T h i s  r es u 1 t 
s u g g ests th a t  comb i na t i on o f  L P S  a n d  �mPS ma.y b e  i m p o r tant 
f or r oot-h a i r  c u r l i ng .  
A c u r rent 3 0  r ep o r t  i nd i c a tes th a t  root h a i r  
c ur l i ng i s  a ssoc i a ted w i th i n f ec t i o n  o f  c l o v e r  r o ot h a. i r  
a n d  ma y b e  el i c i ted b y  f r ac t i on s  f r om Rh i s o b i um .  T h e -
a b i lity to cause r oot h a i r  c u r l i ng i s  i nd i c ated a. s  
c u ltu r e  f l u i d  > C P S  = E P S  > c ell env el o p e> LPS 
Our r es u l  ls s u g g est tha.t in addition to CPS the "slime" 
may b e  i m p o r tant f o r  r oot- h a i r c u r l i ng .  However the 
r e l a t i onship b etween c u l t u r e  f l u i d , s l i me a.nd CPS n eed lo 
b e  i d enti f i ed . 
I n  ou r d a ta th e SmPS cou l d  not b e  we l l  h y d r o l y z ed .  
T h e  u r on i c  a c i d  r ed u c t i on p r o c e d u r e  may b e  a g ood way to 
d ec i d e  ex a c t l y  wh a t  str u c tu r a l  c h a ng es oc c u r  + between nod 
and nod str a i ns Sm P S .  U r on i c a c i d  r e d u c ti on f o l lowed b y  
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a.na.lysis of CPS, EPS, a.nd "slime" using me thyl&tion a.nd 
GC/mass chromatography will have to be done. These 
experiments will det ermine if these molecules have 
identical linkages . If these polysa.ccharide molecu les 
prove to be identical, then it is likely that mutation in 
800 2 and missing sym plasmid in H C 8 4 3  result in the 
inability of EPS to adhere to or to aggregate a.round the 
outer memb r a. ne . Additionally, the qua.ntita.tive and 
qualitative identification of modifying groups such a.s 
a c e t y l a n d p y r u v i c a c i d g r o up s ma. y b e h e 1 p f u 1 t o d e c i d e 
chemical structural changes among the st�ains surface 
• 
factors . 
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APPENDIX I 
2-keto-3-deoxyoctonic Acid <KOO> A s sa.y Procedure 
1 .  Total sample volume is 200 !'L. If sample to be used is 
2. 
3. 
less tha.n 200f1L, dilute to 200pL. 
Add 20 )IL of 0. 4N H2so4 to ea.ch sa.mple, in boiling wa.ter bath for 30 minutes. 
vortex. Hea.t 
Add 250 pL of a. solution of 0.04N HI04/0.4N H2so4 to 
each sa.mple, vortex a.nd a.l low to sta.nd a.t room 
temperature for 40 min; sometimes a. precipitate will 
form. 
4. Add 500 f'L of 1. solution of 2% Na.As02to. SN HCI to ea.ch sa.mp le, vortex a.nd a.llow to stand for S minutes a.t room 
temperature. The sample will turn-da.rk 1.nd then clea.r. 
5. A d d  2mL of 0.3% thiobarbituric acid, vortex a.nd place 
in a. boi linq water bath for 20 minutes. 
6. On cooling, at room temperature or in ice bath , a. 
precipitate will form. For accurate measurement, this 
pp t sh o u 1 d be r em o v 'e d b y c e n t r i f u q i n q t h e t u bes i n t he 
ta. b 1 e top cent r i f u q e a. t 1 0 0 O rpm f o r 1 5 mi nut es . The 
s upernatants a.re carefully transferred to a. cuvette and 
the absorba.nce is measured at 548 nm. 
Hexose Assay Procedure 
1 .  Total sample volume is 500 pL. If sample to .be used is 
2. 
less than SOO)'L, dilute to 500.f'L. 
Add lmL of 0.2% anthrone in 
ea ch s a.mp 1 e, v or t e R . 
minutes. 
Hea. t 
cone. H 2so4 solution to in boiling water bath for S 
3. After S minutes, the 620 nm a.bsorbance a.t Spectronic 70 
is observed. 
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U r o n i c  Ac i d  �s s a y  P r �c ed u r e  
1 So 1 u t i on s o f ( a. > 0 . 0 1 2 5 M t e t r a. b o r .& t e Na 2 B 0 • 1 0 H 2 0 i n  
c on e .  H 2 so 4
, ( b ) 0 . 15 ""  m-hy d r o xy d i p h en y l 1 n 7 0 . 5� Na.OH , 
( c )  0 . 5 % N a. O H , a. r e  p r ep a. r ed . 
2 .  To 0 . 2mL o f  sa.mp l e  a. d d  1 . 2 m L  o f  t h e  c o l d  
t et r a.b o r a t e / H 2 so4 s o l u t i o n .  V o r t ex ,  h e a. t  i n  a. b o i l i n g 
wa. t er b a. th f or 5 m i nu t es . 
3. T h e  sa.m p l es a r e  coo l ed f o r  1 o r  2 m i n u t es i n  a. n  i c e  
b a. t h a. n d  2 0 f'L o f  m - h y d r oxy d i p h en y l  s o l u t i o n  i s  a.d d ed ,  
vor t exed . 
4. 2 0  )l L 0 .  5 '9  Na.OH a.r e a. d d ed to t h e  c o n t r ol s a mp l es &nd 
v or t exed . 
5 .  A f t e r  5 m i n u t es , 5 2 0  nm a.b s o r b a.n c e  a t  Spec t r on i c  7 0  i s  
ob s e r ved . When c on t r ol s am p l es ,  i . e .  s a mp l es w i t h o u t  
m-h y d r oa y d i p h en y l ,  g i v e &n a.b s o r b a n c e ,  t h e  va l ue i s  
s u bs t r a. t ed f r om t h e  a. b s or b a nce of t h e  s a mp l e  w i t h  
m- h y d r o xy d i p h en y l .  • 
Ca. s Ch r o ma. t o 9 r a p h y An a. l y s i s < Ace t y h. t i on P r o c e d u  r e > 
1 .  P r ep a r e  a. s t a n d a r d  s u g a. r  s o l u t i on c o n t a i ning l mg/mL of 
ea ch s t a n d  a r d  s u g a. r . Th i s s o 1 u t i on ma. y be s t o r e d i n 
t h e  f r eezer a. f t er ea c h  u s e .  
2 .  P r ep a. r e a lmg / mL s o l u t i o n o f  i nos i t o l  to use a.s t he 
i n t e r n a l  s t a.n d a. r d . T h i s  a l s o ma y b e  s t o r e d  i n  t h e  
f r eezer a n d  r e- u s ed .  
NOT E :  DRY YOUR ST ANDARD SU GARS A N D  YOUR SAM P L E S  I N  THE 
VACUUM OVEN BEFORE P REPARiNC THE SOLUT IONS . 
3. P r ep a r e  a. 1mg / mL s o l u t i o n  o f  you r  samp l e  
p o l y s a.c c h a. r i d e .  
4 .  D e t e r m i ne th e � hexo s e  o f  y o u r  s a. m p l e  u s i n g t h e  
a. n t h r one a.s s a.y . 
5 .  P l a c e  a. vol ume of y o u r  samp l e  equ i v a l en t  t o  not m o r e  
t h a.n 25 0 mi c r og r a.m s  o f  hex ose i n  a s c r ew - c a.p t es t  t u b e .  
In a n o t h e r  t u b e  p l a ce 10 0 m i c r ol i t er s  o f  y o u r  s t a nd a r d 
s u g a r  s o l u t i o n .  A d d  2 0  m i c ro l i t e r s  o f  i n o s i t o l  
s o l u t i o n t o  ea c h  t u b e .  D r y y ou r  s a.mp l e s a. n d  standards 
u s i n g  f i l t e r ed a i r or b y  f r eez e- d r y i n g . 
6. A d d  5 0 0  m i c r o l i t er s  o f  a 2M TFA < t r i f l u or o a. c et i c  a c i d )  
s o l u t i o n  t o  ea.ch t u b e .  S ea l  wi t h  t h e  t e f l o n-l i ned 
s c r ew c a p a nd hea.t a.t 121 d eg r ees f o r  2 hou r s .  
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7 .  Remo v e  tubes &.nd b l ow - dry w i t h  f i l tered &. i r .  Th is 
ma.y be done a.t 4 0  to SO d eg r e es unless y o ur s a. m p l e  i s &. 
methy l at e d  p o l y s a c c h a r i d e . F o r  &. methy l at ed 
p o l y s a c c h &.r i d e b l ow- d r y  a. t n o  mo r e  t h &.n 3 5  d e g r e e s .  
8 .  Prep are a. 1 0m g / mt so l ut i on o f  s o d ium borohy d r i d e  < o r  
s o d  i um b o r o d e  u t er i de ) i n  1 M a. mmo n i um h y d  r o a i d e  . F o r 
methy l at e d  p o l y s a c c ha r i d e s  a. l wa.ys use s o d i um 
boro d e u t e r i d e .  A d d  2 5 0  m i cro l i t ers of t h i s  s o l u t i o n  to 
9 .  
• 
e a c h  samp l e ,  m i x and a l l ow t o  stand f o r  1 h o u r  &.t ro om 
t emperature . A l l o w t o  s t a nd f o r  2 h o u rs f o r  methy l a.'t e d  
samp l es . 
Add 5 0  m i c r o l i t e r s  of g l ac i a l  
b u bbl i ng s ho u l d .  t a k e  p l a c e !  
& c et i c & c i d .  V i g o r o u s  
Rep e&.t tw o m o re t i me s .  
1 0 .  Ad d S O O  m i cro l i t ers of &. 9 / 1  = MeOH / HO A c  so l ut i on to 
e a ch t ube . B l ow dry u s i ng f i l t e red a i r .  C F o r  
m e t hy l a t e d  samp l e s  k e e p  temperature at 3 5  or be l ow . >  
R e p e a t  4 t i me s . 
1 1 .  Ad d 5 0 0  m i cro l i t e r s  of MeOH to e a c h  t u b e  and b l ow dry 
a.s i n  s t ep 1 0 .  R e p ea.t 4 t i mes . 
1 2 .  A d d  SO m i cro l i t ers o f  py r i d ine and S O  m i cro l i t ers of 
a c e t i c  a.nhydr i d e t o  e a c h tube . M i I , sea l w i th t ef l on 
c a p  and h e a t  at 1 2 1  d e g rees f o r  3 9  m i nut e s . 
1 3 .  C o o l  on i ce and eKtra.ct by add i ng 5 0 0  m i c r o l i t ers of 
w a t e r  and S O O  m i cro l i t ers of ch l o r of o rm .  M i x ,  
c entr i f u g e  o n  t a b l e top centri f u ge f o r  S m i nut es , 
remove w a t er l ay e r  < t o p ) w i th P a steur p i pette a.nd 
e x t r a c t  a g a i n by a d d i ng f re s h  c h l o r o f orm to th i s  w a t er 
l ay e r . C o l l e ct both c h l o r o f o rm l ay e r s  and b l ow dry 
w i t h f i l t e red a i r  at r o om t e m p e r a ture . 
1 4 .  Ana. l y z e  by d i ss o l v i ng
.
sa.mpl e in 2 0  to S O  m i c.ro l i t ers · 
of a c et one and i n j e c t i n g 1 to S m i cro l i t e rs o nto the 
CC . F o r t h e  g a s  chrom a t o g r aphy , w e  u s e  2 m  x 4mm I . D .  
co l umn pa.ek e d  w i th Supe l c o S P 2 3 3 0 . 
NOTE : TO INSURE PUR I TY OF A L L  SOLVENTS THEY SHOULD B E  
S P E CTROME TR I C  GRADE, H P L C  G R A D E  O R  D I ST I L L E D  PR IOR TO USE . 
D i s cont inu ous P o l y a. c ry l a. m i d e G e l  E l e c t r o p h o r e s i s  Pro c e d u re 
Pre p a re t h e  f o l l ow i ng st o c k  s o �ut i o n :  
A .  Runn ing g e l  s t o c k  buf f e r .  
T r i s  ba se : 2 2 . 7 1 grams . 
D e i on i E e d w a t e r :  7 S m L . 
Ad j us t  pH to 8 . 8  w i t h  H C l . 
Add d e i on i z e d w a ter to a. t o ta. l v o l um e  of 1 0 0 mL .  
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B .  S t a. ek i ng ge l s t o c k  b u f f e r .  
T r i s  b a. s e : 7 . 6 9 g r ams . 
D e i o n i :r: e d  wat e r : 7 5 m L . 
Ad j ust pH t o  6 . 8  w i t h  H C l .  
A d d  d e i o n i z e d  wa.t e r  t o  a t o t a l  v o l um e  o f  100mL . 
C .  S t o c k a c r y lam i d e  s o lut ion . 
A c r y l am i d e : 2 5  gr am s . 
B is a c r y  l a.m i de : 0 . 6 2 5 g r a m s  . 
A d d  d e i oni:r: e d  wa t e r  t o  & t o t a l  � o l um e  o f  50mL . 
0 .  S o d i um d o d e c y l s u l f a t e  CSDS> s o l u t i o n  C 1 0tft ) . 
S D S : 2 . 5  grams . 
D e i o n i :r: e d  wat e r :  2 5 m L .  
E .  Samp l e  b u f f e r  C5 X c o n c e n t r a t e d >  
S o  1 u t i o n  B : 2 0 mL . 
S uc r o s e : 10 gr ams . 
SDS: 2 g r .i.ms . 
B r omp h e n o l  b l ue :  2 5 mg . 
F .  Ru�n i ng b u f f e r .  
T r i s  ba. s e : 2 8 . 8  g r a ms / L .  
G l y c i ne :  6 . 0 g r a.ms / L .  
S D S : 1 . 0  gr ams / L .  
P r epa. r i nq t h e R unn i na G e l  
• 
1 .  A s semb l e  t h e  ge l e le c t r o p h o r e sis a p p a r a t u s .  
2 .  F o r 2 5 m L  o f  a. 12� r u nning g e l ,  m i x t h e  f o l lowi n g  
so l u t i o ns : 
a .  S o l u t io n  A :  5 . O m. L  
b .  S o lu t i o n  c :  6 .  OmL 
c .  So l u t io n  D :  0 .  2 SmL 
d .  De i o n i :r: e d  wa t e r :  13 . 7 5ml 
3 .  J u s t  p r i o r  t o  p o ur i ng t h e  ge l ad d 0 . 0 5 m L  o f  & f r e s h ly 
p r e p a r e d 10tft a mto n t um p e r su l f a t e  so l u t ion and 0 . 00 7 mL 
o f  TEMED CN , N , N  , N  - t e t r a me t h y l e t h y l e n e d i amine ) t o  t h e  
2 5 m L  o f  ge l s o lu t i o n a n d  mix. 
4 .  P o ur i n t o  
Be c ar e f ul 
t h e  g e l  
not t o  
ap p a r a t u s  us i ng 
i nt r o d uc e & lo t 
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& Pa s t e u r  p i p e t t e .  
o f  b u bble s . 
S .  U s i n g  a g l a s s  s y r i n g e  ca r e f u l l y  o v e r l a y t h e  g e l  
s o l u t i o n w i t h & b o u t  1 . S mL o f  d e i o n i z e d  w a t e r  < i . e .  
un t i l  t h e  wa t e r  c o v e r s  t h e  e n t i r e s u r f a c e o f  t h e  g e l >  
6 . A 1 1 ow t he g e l t o p o 1 y me r i z e , p r e f e r a b l y o v e r n i g h t . 
P r epa r i ng t h e  S t a.eking � 
1 .  F o r  1 0 m L  o f  a. S' s t a c k i n g  g e l m i x  t h e  f o l l ow i ng 
s o l u t i o ns : 
a. .  S o l u t i o n  B :  
b .  S o l u t i o n  C :  
2 . 0 m L  
1 .  O mL 
c .  S o l u t i o n  D :  0 . 1 m L  
d .  D e i o n i z e d  wa t e r :  6 . 9mL 
2 .  R e mo v e  t h e  wa t e r  f r om t h e  t o p  o f  t h e  r u n n i n g  g e l a. n d  
b l o t  d r y  w i t h  a. p a p e r  t owe l .  
3 .  J u s t  p r i o r  t o  p o u r i n g t h e  s t a c k i n g g e l a. d d  0 . 0 S m L  o f  a. 
f r e s h l y  p r e pa r e d 1 0� ammo n i um p e r s u l f a t e  s o l u t i o n a nd 
0 . 0 0 7mL o f  T E M E D  a n d  m i x .  
4 .  P o u r  t h e  s t a c k i n g g e l  u s i n g a P a s t e u r p i p e t t e and be 
c a r e f u l  t o  a. v o i d  b u b b l e s .  
S. I n s e r t  t h e w e l l - f o r mer , s l ow l y  a n d  a t  a s l i g h t  a n g l e  to 
a. v o i d  t r a p p i ng a i r b u b b l e s b e n e a t h  t h e  we l l s .  
6 .  A l l ow t o  p o l y m e r i z e .  
P r epa ring t h e  S a mpl e s  
1 .  U s u a l l y  y o u r  s a mp l e s wi l l  c o n s i s t  o f  N mg / nL s o l u t i ·o n s . 
To p r e p a r e  y o u r s amp l e � f o r  g e l  e l e c t r o p h o r e � i s  c a r r y  
o u t  t h e f o l l ow i n g  s t e p s : 
a. . 0 . 0 3 mL o f y o u  r N mg I mL s a mp l e s . 
b .  0 . 0 1 mL o f  s o l u t i o n  E .  
c .  0 . 0 0 2 SmL o f  b e t a. -me r c a. p t o e t h a n o l .  
d .  0 . 0 0 7 5m L  o f  d e i o n i s e d  wa t e r . 
P r e p a r e  t h e s e  s amp l e s i n  a. sma l l  t a pe r ed t ub e  wh i ch can 
be ea s i l y  ma. d e  f r om a Pa s t e u r  p i p e t t e .  
2 .  S e a. I  t h e  t u b e s  a n d  p l a c e  i n  a b o i l i n g wa t e r  b a t h  f o r  5 
m i n u t e s . 
3 .  O p e n  t h e  t u b e s  a. n d  p l a c e  o n e  s a m p l e  i n  e a. c h  o f  t h e  
we l l s . 0 f c o  u r s e y o u m u s  t f i r s t h a v e f i l l e d t h e u p p e r 
g e l  r e s e r v o i r  wi t h  r u n n i n g b u f f e r  < s o l u t i o n F >  a n d  h a v e  
c a. r e f u l  l y  r em o v e d  t he we l l - f o r me r .  
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4 .  O n c e  t h e  sa.mp l e s & r e a. l l l oa. de d ,  p l ac e  r u nn i ng bu f f e r 
< s ol u t i o n  F> i n  t he l ower r e s er v o i r  and as s emb l e  a l l  
e l e c t r i c a l  connec t i ons . 
5 . R u n  a t a c o n s t an t cu r r e n  t o f & b o u t 2 0 mA . , 1 0 0 0 V D  C . 
E l ec t r op h o r es i s  i s  comp l e t ed wh e n  t h e  b l ue b r om p h e n o l  
d y e  r e a. c h e s  t h e  bo t t om of t h e gel ( abou t 4 hou r s >  
6 .  T u r n  o f f t h e  powe r ,  emp t y  b u f f er r es e r v o i r s ,  1. n d  
c a r ef u l l y  d i s a s s e m b l e  ap p ar a t us a nd r emove t h e g e l . 
? .  S t a. i n  t h e  g e l f or t h e  ap p r op r i a t e  mac r omo l e c u l e s . 
Si l v e r - L P S S t a i n i ng P r oc e du r e  
1 .  F i x  o v er n i gh t  i n  20 0mL of 2S'lo Cv o l /v o l >  i s op r op a. nol 
i n  ?'lo < v o l / v o l )  acet i c  ac i d .  
2 .  O x i dize 5 m i n .  i n  1 5 0mL of d i s t i l l ed wa. t e r  w i t h  1 . 0S g  
o f  p e r i od i c  ac i d  and 4mL o f  2 5 %  C v o l / v o l )  i s op r op a. n o l  
i n  ? 'lo  Cv o l /v o l ) ac e t i c  a c i d  < s o l u t i on m a. d e  up j u s t  
b e f or e  u s e ) . 
• 
3 .  \J a. s h  f o r  30 mi n i n  2 00mL of d i s t i l l ed wa. t er . 
two m o r e  t i mes . 
R e p e a t  
4 .  S t a i n  1 0 - m i n  i n  a s i l v e r  s t a i n i ng s o l u t i on cons i s t i n g  
o f  0 . 1  N N a. OH C 2 8 mL ) , conce n t r a t ed < 2 9 . 4"> ammon i um 
h y dr o x i de C1 m L ) , 20% Cw t / v o l ) s i l v e r  n i t r a t e  < 5 mL > , and 
d i s t i l l e d  w a t e r  C1 1 SmL> ( make u p  s o l u t i on j u s t  b e f o r e  u s e  
and s t i r  cons t an t l y  wh i l e  ma. k i ng> . 
5 .  Wash 30 m i n  i n  200mL d i s t i l l e d wa t e r. 
t i  me s .  
Rep e a t  t wo m o r e  
6 .  F o r  1 0  t o  20 mi n de v e t·op i n  2 5 0mL o f  d e v e l op e r  
s o l u t i on < c i t r i c  ac i d  C S O mg J ,  3 7 % f o r ma l dehyde ( 0 . SmLJ , 
di s t i l l e d  wa t er ( amount su f f i c i e n t  t o  make 1 l i t er of 
s o l u t i on ) ; ma. de ug j u st bef o r e u s e >  a.t an op t i ma. I 
t em p er a t u r e  of 2 5  C .  I f  s o l u t i on c o o l s ,  s t ai n i ng of 
p x: o t e i n as w e l l  as L P S  w i l l o c c u r . 
? .  P l ac e  i n  a s t op b a t h  C2 0 0 mL of d i s t i l l e d wa t e r  p l u s 10mL 
o f  ?'lo [ v o l /v o l ) acet i c  ac i d) f o r 1 h r . 
8 .  \Jash w i t h  2 0 0mL of d i s t i l l ed wa. t er and t h en s t o r e .  C e l 
may be s t o r e d i n  a. z i p - l ock p l as t i c b ag w i t h a. smal l 
a. mount o f  wa t e r  t o  p r ev en t  des i c c at i o n .  
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Figure 2 .  Anion e xcha;nge 
EPS from 8002. 
by gradie?:t O . o  
t r i s  b u f f e r .  
column elution p r o fil e o f  
This column was washed 
to 0 . 5N NaCl in the O . OlN 
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Figure 3. Anion e xchange column elution profile o f  CPS from 
SU843. This column was washed by gradient o . o to 
0 . 5?: !:acl and by lN I�aCl i;i the 0 . 011: tris bu ffer. 
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Figure 4. Anion exchange column elution profil� o f  CPS from 
8002. This column was washed by gradient o . o  to 
O. 5N NaCl and by lN NaCl in the O . OlN' tris buffer. 
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Figure 5 .  Sephadrose 4 B  column chromatography o f  R .  trifolii 
HC843 and HC843 ( pBRlAN ) LPS. The solvent 
is EDTA/TEA bu ffer. Hexose assayed by using 
the anthrone test and KDO by the thiobarbituric 
acid method. Hexose • • and KDO a- - -t1 
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Figure 7 .  Gas chromato graphy �refiles o f  . LPS and reduced 
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On ly the portion of the GC affected by the reduction 
is shown . 
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GC affected by the reduction i s  shown. 
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Figure 9. 
HC843 8002 HC843 SU843 
( pBRlAN ) 
Standard 
._ B  
I .,_ 0 
.,_T 
._La 
.,_L 
Gel e l e c trophoresis o f  LPS from SU843 and 
mutants LPS . The gel , a 1 2%  ac rylam�de 
gel , was 2�n and stained as d e s cribed by Hitchcock 
and Brown • The standards were : B ,  BSA 
( 66 , 000 ) ; O ,  ovalbumin ( 45 , 000) ; T ,  trypsinogen .. 
( 24 , 000) ; L a ,  beta-lac talbumin ( 1 8 , 400) and : 
L ,  lyso zyme ( 1 4 , 30� ) . 
3 7  
Table I.  The agar with antibiotic markers was streaked 
to identify the pure culture o f  R. tri folii 
strains. 
SU843 8002 HC843 SU843( pBRlAN) 
Nutrient Agar 1 
Modi fied Bergerson • s2 ... + ... + 
Modified Be�gerson ' s  + + 
+ Kanamycin 
Modified Berge�son ' s  + + 
+ Streptomycin 
1 .  Growth on nutrient agar would indicate a fast-growing 
non-Rhizobium contaminant .  
2 .  Normal growth media for all Rhizobium strains. 
3. Rhizobium containing the Tn5 transposon or the pBRlAN 
are resistent to kanamycin and streptomycin. 
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Table I I .  The symbiotic properties of R. trifolii strains. 
Strain 
SU843 
( ANU843) 
8002 
HC843 
HC843 
( pBRlAN) 
Gene tic pronerties 
Parent strain 
Tn5 mutation in sym 
( symbiotic) plasmid 
Missing the sym plasmid 
Strain HC843 containing 
a sym plasmid from 
ano ther R. tri folii 
strain 
39 
Phenotype 
N d f t d+ f . + o e e c  , no , ix 
Roa+ ( still attaches 
to root hair) hac·-
( d e fe ctive in root 
hair curling)" 
Roa+ , bac- , nod-
N d+ r ·  + d o , ix , no e fect 
• 
Table I I T .  Amounts o f  polysaccharide fractions from 8 litres 
culture media o f  R. trifolii SU843 and mutants 
(mg/8L ) . 
SU843 8002 HC843 HC843 
( pBRlAN) 
CPS 7 7  25 93 60 
EPS 3100 2000 3800 3100 
LPS 300 210 250 200 
SmPS 60 42 50 34 
Slime 2 6  1 6  0 90 
1 .  The bacteria were grown under the same condition and 
harve sted at the early stationary phase. The surface 
polysaccharides were isolated by following the procedure 
described in the experimental s e ction. 
4 0  
Table IV. The relative sugar percent 1 ( weight) o f  " slime " .  
Rha Man Gal Gl c 
SU843 Slime 1 5  10 47 
8002 Slime 30 9 . 7  44 
HC843 ( pBRlAN) Tr2 13 14 56 
Slime 
1 .  The sugar identifi cation i s  explained in Table V .  
2 .  1 1 Tr11 r e  fe+ to the trace amounts. 
• 
4 1  
U . A. 
27 
17 
18 
Table V .  The relative sugar percent 1 (weight) o f  the EPS 
and reduced (uronic acid) EPS .  
Man Gal Glc Glucuronic 2 
Acid 
SU8 4 3  6 . 0  ( 4 . 0 ) 3 1 2  ( 1 4 )  4 8  ( 5 3 )  3 4  ( 2 8 )  
8 0 0 2  6 . 0  ( 8 .  0 )  1 3  ( 1 5 )  51 ( 4 6 )  3 0  ( 3 0 )  
HC 8 4 3  4 . 1  1 3  5 4  2 9  
HC8 4 3  4 . 8  1 4  4 9  3 2  
(pBRlAN) 
R4 SU8 4 3  5 . 1  1 2  6 6  1 7  
R 8 0 0 2  4 .  9 1 2  6 7  1 6  
R HC 8 4 3  3 . 4  1 1  6 9  1 7  
R HC 8 4 3  4 . 3  1 2  6 3  2 0  
(pBRlAN) 
1 .  The reproduc ibility o f  the acetylation procedure i s  about 
± 5 %  for the measured values of our polysaccharide s .  This 
± 5% error value i s  a relative error and app l i e s  to a l l  
the compo sition data given in subsequent table s  . .  
2 .  The uronic acid group was identified by uronic acid. 
reduction and the amount was detected by the method 
of Blumenkrantz and Asboe-Hansen ( r e f  1 7 , experimental 
section) . The other sugars were identified by gas 
chromatography and the amounts were determined by com­
paring with the standard sugar s .  
3 .  The values in parenthe sis were obtained by Elroy Turnbu l l . 1 2  
The remaining sample s  are determined from a single batch 
of each bacterium. Comparison of Turnbu ll ' s  data with my 
data shows the reproduc ibil ity between batches of bacte r i a .  
4 .  The letter " R "  means the EPS had already been treated by 
" uronic acid reduction procedure . "  
4 2  
Table VI . The relative sug�r p�rcent - ( weigh�) o f  th� anion 
exchange column fractions o f  CPSand EPS ( HC strain s) . 
Rha Man Gal Glc U . A .  
HC843 CPS 1 0 . 5N 6.1 1 3  54 27 
pBRlAN CPS 0. 5N TT 7 . 0  13 51 29 
HC843 CPS lN 3.9 18 54 24 
pBRlAN CPS lN Tr 9.0 16 50 25 
HC843 EPS ON Tr 1 6  64 20 
pBRlAN EPS ON 3 . 7  1 5  0 62 20 
HC843 EPS 0 . 5N I Tr*2 25 57 19 
pBRlAN EPS 0 . 5N I Tr* 27 55 1 8  
HC843 EPS 0 . 5N I I  1 .9 1 5  63 20 
pBRlAN EPS 0 . 5N I I  Tr Tr 19 63 1 7  
. 
1 .  The CPS xN means the fraction was colle cted from· the 
elution of x Normal salt washing. Each fraction o f  0 � 5  
Normal salt v:ashing i s  separated into I ,  I I  two parts • 
. 2.  Tr* refe r  to the , trace amounts. This sample has large 
amount s  o f  mannitol contamination. 
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Table V I I .  The relative sugar percent ( weigh t )  o f  anion 
exchange column fractions 1 o f  CPS and EPS 
( SU843, 8002) . 
Man Gal Glc Hep U . A .  
SU843 CPS ON Tr* 2 15 66 18 
8002 CPS ON Tr* 13 49 37 
SU843 CPS 0 . 5N I 8 . 3  8 . 7  31 52 
8002 CPS 0 . 5N 3 . 4  11 29 8 . 4  49 
SU843 CPS 0 . 5N I I  Tr 1 6  5 2  32 
SU843 CPS lN 3 . 8  1 4  43 40 
-
8002 CBS lN Tr* 7 . 8  1 6  68 8. 7 
SU843 EPS ON Tr 1 2  51 38 
8002 EPS ON 4 . 1  14 41 41 
SU843 EPS 0 . 5N 5 . 4  10 69 1 6  
8002 EPS 0 . 5N 5.1 14 58 23· 
1 .  EPS xN and CPS xN means that the fractions were collected 
from the elution o f  x Normal salt washing. The fractions 
from SU843 CPS appear as two peaks , I and II. Peak I I  
is the major peak. 
2. Tr* refer to the trace amounts. This sample has large 
amounts o f  mannitol contmainat ion. 
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Table VII I .  The relative sugar percent ( weight) o f  the CPS and 
reduced ( uronic acid) CPS 1 • 
20!·:6DH2 Rha Fuc Man Gal Glc Hep 
SU8434 9 . 2  1 2  51 
( Tr )  ( 1 3) ( 58) 
80024 Tr5 Tr Tr 9 . 8  35 7 . 9  
( 1 2) ( Tr) ( 4 . 0 )  ( 5. 2)  ( 39 )  ( 8 . 3) 
HC843 3.� 1 4  59 Tr 
HC843 1 . 7  6 . 0  1 3  46 4. 5 
(pBRlAN) 
R SU843 Tr 13 66 
R 8002 Tr Tr T r  1 6  49 Tr 
R HC843 2.0 10 69 Tr 
R HC843 Tr 4. 5 - 15 62 Tr 
( pBRlAN) 
8002 3 . 3  2.1 1 2  10 35 1 2  
" Cps ppt" 
1 .  The ,data are presented in the same way as the EPS data 
shown in Table V. 
2. Re fers to 2-0-methyl-6-deoxyhexo se . This sugar was 
quanti�ated using the response factor o f  rhamnose. 
3.  U . A .  refers to uronic acid . 
U . A. 
27 
( 28) 
47 
( 55) 
24 
29 
21 
36 
1 9  
19 
26 
4. The va�.ues in parenthesis were obtained by Elroy Turnbull 
as described in Table V .  
5 .  T r  re fers t o  trace.  
4 5  
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Table IX. The relative sugar percent ( weight) o f  the LPS 
and reduced ( uronic acid) LPS 1 • 
20M6DH 2 Fuc Man Gal NM3A36DH3 Glc Hep 
SU8434 6 . 7  3 . 2  5 . 6  5 . 5  9 . 3  3 . 2  25 
U . A. 
42 
( 3 . 4 )  ( l . 8 )  ( 3. 6 ) ( 10) ( 1 0 )  ( 15) ( 22) ( 30 )  
80024 4 . 2  2 . 1  4 . 7  5.1 4.8 1 . 6  28 50 
( 2. 3 )  ( 1 . 3 )  ( 3. 0 )  ( 5. 7 )  ( 8 . 5) ( 13) (19) ( 40 )  
I1C843 3 . 6  2 . 1  6 . 2  7 . 8  6 . 6  2 . 9  30 40 
HC843 
( pBRlAN.) 
7 . 4  3 . 5  6.0 6.o 1 2  4.0 27 35 
R SU843 7 . 9  3 . 7  5 . 9  20 7 . 1  4.1 28 24 
R 8002 8 . 1  3 . 4  5. 5. 1 8  7 . 9  8.,1 27 23 
R HC843 3 . 9  2 . 6  4 . 3  20 5 . 3  1 2  20 32 
R HC843 5 . 1  3.1 4 . 6  20 4 . 6  1 2  22 ·29 
(pBRlAN) 
1 .  The · data are presented .in the same way as the. EPS dat.a 
shown in Table v. 
2. Re fer to 2-0-methyl-6-deoxyhexose. 
3. Re fer to 3-N-methyl-3-amino-3 , 6-did eoxyhexose. The 
NM3A36DH was quantitated using the response factor o f  
glucose . 
4 .  The values in paren thesis were obtained by Elroy Turnbull 
as described in Table V. 
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Table x. The relative sugar percent ( weigh t )  o f  LPS core 
and antigen from HC843 and HC843 ( p BRlAN ) .  
20M6DH
1 Fuc Man Gal NM3A36DH2 Glc Hep U. A. 
HC843 antigen 3 . 8  2 . 0  1 . 8  2. 6 13.9 2 . 3  51 23 
HC843 core 9 . 3  30 Tr 61 
HC843 ( pBRlAN) 2.1 1 . 7  1 . 4  1 . 7 9 . 5  1 . 7  60 23 
antigen 
HC843 ( pBRlAN) 15 30 Tr 57 
core 
• 
1 .  2- o-methyl- 6-dexyhexose. 
2. 3-N-me thyl-3-amion-3 , 6-dideoxyhexose. 
4 7  
Table XI. The relative sugar percent ( weight ) o f  SmPS 1 from 
SU843 and mutants. 
Man Gal Gl c Hep U. A. 
SU843 SmPS 7.0 12 48 32 
8002 SmPS 5 . 8  3 . 8  60 Tr 30 
HC843 SmPS Tr Tr 63 7 . 6  29 
HC843 SmPS 
( pBRl AN )  
Tr Tr 59 41 
1 .  The SmPS may not be hydrolyzed very well. The reason 
may be due to the unusualy stable glycosidic bond formed 
by uronic acid residues. 
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